W e carried out a randomised, controlled trial in 157 patients who had isolated severe Gustilo type-IIIa and type-IIIb fractures of the metaphysis or diaphysis of the leg to determine the prevalence of vascular injuries and the role of vascular repair. All patients had stable vital signs and clinically adequate circulation in their legs before operation. In a control group of 64 patients we performed conventional surgery with systematic debridement and primary stabilisation of the fractures. In the trial group of 93 patients the major vessels and nerves adjoining the compound fracture were routinely explored and repaired when necessary after the initial procedure.
Gustilo, Merkow and Templeman 2 have classified these fractures. In type III both bone and soft tissue are badly injured, and if the major vessels of the leg are involved with inadequate distal circulation, the fracture is classified as type IIIc. Restoration of the circulation must be performed to save the limb, 3 but primary amputation may be required. 4 In Gustilo type-IIIa and type-IIIb fractures some major vessels may be damaged, but clinically adequate circulation may be found in the foot and distal leg. The prevalence of vascular injuries and the role of vascular surgery in these fractures have not been clearly defined. Several authors have described patients who required vascular surgery or amputation after severe compound fractures, [5] [6] [7] although initially the limb had clinically adequate circulation and no vascular procedure was attempted. About 50% of these patients had late vascular occlusion. 7 Preoperative angiography sometimes showed intact vessels or angiospasm, but vascular thrombosis often occurred later. 7 Our aims were to determine the prevalence and pattern of major vascular injuries in severe compound fractures of the leg with initially adequate circulation and to assess the role of early vascular surgery in such patients.
Patients and Methods
Between 1991 and 1995 we carried out a controlled trial on patients who had isolated compound fractures of the leg of Gustilo type IIIa or type IIIb without involvement of the ankle or knee. They were followed up for two years. All the patients were seen within six hours of injury. A full history and physical examination were taken together with appropriate investigation to detect other injury or underlying disease. Patients with conditions which may interfere with vascular function and healing, such as diabetes mellitus, hypertension, and renal and liver disease, were excluded from the study.
The circulation of the injured leg was examined clinically and by Doppler ultrasound. Patients who had absent or clinically inadequate circulation were excluded, and were treated as having Gustilo type-IIIc injuries. When perfusion was questionable or borderline, single-shot angiography was undertaken just before operation and patients with definite signs of vascular injury or angiospasm were excluded from the study.
The remainding 157 patients were randomly divided by their hospital numbers into a trial and control group. There were 94 men and 63 women with a mean age of 33 years (16 to 47); 64 were in the control group and 93 in the trial group. Table I gives details of the patients and their injuries. The patients in both groups were treated as having isolated compound fractures of the leg with operation, reconstruction and rehabilitation. In the trial group, after irrigation, debridement and stabilisation of the bone, we explored the major vessels including the posterior tibial artery, the anterior tibial artery, the peroneal artery, the great saphenous vein and the lesser saphenous vein which were near the fracture, even when there was no clinical sign of vascular injury.
We used a loupe with a magnification of ‫.2ן‬ Any wounds on the vessel walls were identified and repaired. To evaluate flow in the intact vessels, pulsation was assessed and the vessels milked with fine microvascular forceps. All vessels which were injured, or thought to be so, were repaired with or without grafting and the patency was then reviewed.
The patients had routine postoperative care with pain control and monitoring of the circulation. They received 1 g of cefazolin intravenously every six hours and 80 mg of gentamicin intravenously every eight hours, with the first dose given soon after admission. Those who had vascular surgery received 500 ml of dextran 40 per day for five days and 300 mg of acetylsalicylate per day for three months.
For both groups we recorded and compared biographical data, the type and details of the injuries, the mangled extremity severity score (MESS), the method of stabilisation used, coverage, the length of the operation, blood transfusions, further reconstructive surgery, the function of the leg muscle, knee and ankle movement, bony union, and late deformities. Patients were reviewed every month for at least two years. Joint movement was measured by a CIBEX EDI 320 (CIBEX International, Ronkonkoma, New York) and motor power was determined by an isokinetic training and testing machine (IKON; Chattanooga Group Ltd, Bicester, UK). The continuous data were analysed by Student's t-test and the discrete data by the chi-squared test.
Results
After debridement and irrigation, 19 patients in the control group had open reduction and internal fixation (ORIF) and 45 had open reduction and external fixation (OREF). Prophylactic fasciotomy was carried out in four with Gustilo type-IIIb injuries and segmental fractures of the tibia. The mean operating time was 68.9 ± 10.9 minutes for the ORIF group and 41.2 ±14.9 minutes for the OREF group (Table  II) . Blood transfusion was not required in ten patients; 35 needed one or two units of blood and 19 had more than two units (Table II) .
In the trial group, after debridement and irrigation, 31 patients had an ORIF and 62 an OREF (Table II) major vessels of the leg close to the fracture sites were explored, major arterial injuries were found in 13 patients, two with Gustilo type-IIIa and 11 with Gustilo type-IIIb injuries. Six patients had isolated injuries; in two in the anterior tibial artery, in two in the posterior tibial artery and in two in the peroneal artery (Table III) . Combined vascular injuries were encountered in seven patients; the anterior tibial artery and great saphenous were affected in two, the anterior and posterior tibial arteries in one, the anterior tibial artery, the posterior tibial artery and the great saphenous vein in one, the anterior tibial and peroneal arteries in two and the posterior tibial artery and the great saphenous vein in one (Table III) . A total of 17 arteries and four veins was injured. A partial tear with continuous leakage was seen in six arteries in four patients, two posterior tibial, two anterior tibial and two peroneal arteries. Complete rupture had occurred in five arteries of five patients with isolated vascular injuries, including two anterior tibial, two peroneal and one posterior tibial artery. Intimal tears were found in six arteries in four patients, in two in posterior tibial vessels and in four in anterior tibial arteries.
Injury to the great saphenous vein was found in four patients in association with major arterial damage (Table  III) ; a partial tear was found in three and a complete rupture in one. The venae comitantes of some major arteries were also injured, with complete rupture in ten and a partial tear in 24. The injured vessels were repaired directly in 24 patients and the rest had vein grafts. All had good patency and flow after the repair. We performed fasciotomy in every patient who had vascular repair.
The major nerves, including the anterior tibial, posterior tibial and peroneal, were explored when adjacent to the compound fracture. Contusion of four posterior tibial and two anterior tibial nerves was found in five patients. Rupture of a nerve was not found. Only two patients had a neurological deficit, due to contusion of the posterior tibial nerve, but both recovered fully.
Delayed closure was undertaken in every patient, with a second-look operation on the second or third postoperative day. In the trial group, all vessels which had been repaired were re-examined and good patency was found in all.
All patients in the trial group had good circulation and had required less blood (Table II ). In the control group two patients with Gustilo type-IIIb injuries had clinical signs of circulatory impairment on the second postoperative day. Further exploration was immediately undertaken. One patient had injuries to both the anterior and posterior tibial arteries at the level of the fracture, and the other had damage to the posterior tibial artery. The sites of bone fixation were not related to the vascular injuries. The injured vessels were repaired with grafts, and a good flow obtained. Both patients had postoperative infection which required further debridement, and in one, the internal fixation had to be removed and replaced with an external device. The other had already been stabilised by external fixation.
In the trial group the operating time was significantly longer than in the control group as the major vessels had to be explored (Table II) . In the control group, after the second-look operation, delayed primary closure was carried out in 36 patients; 24 needed a local flap and four a free myocutaneous flap (Table II) . In the trial group, delayed primary closure was achieved in 54 patients and a local flap was needed in 39; none required a free flap (Table II) .
In the control group seven patients developed infection (Table IV) ; in three this was severe enough to need further debridement. Two patients had associated arterial injuries. Four patients in this group had a mild late infection two to three months after operation; two had a small sinus at the wound area and two had only pain and swelling. All responded to conservative treatment with immobilisation, antibiotics and removal of the implant. External fixation and delayed bone grafting were required in one patient. The others had satisfactory healing, but signs of infection were observed at operation when the internal fixation was removed about 18 months after insertion.
In the trial group only one patient showed evidence of infection, but this was only revealed when the internal fixation was removed 18 months after injury.
Clinical evidence of bony union was seen earlier in the trial group (Table IV) . Cancellous bone grafting was needed more often in the control than in the trial group (Table IV) . At the two-year follow-up, chronic swelling of the foot and atrophy of the leg muscles, defined as more than a 25% decrease in the circumference of the calf 10 cm below the tibial tubercle, was less in the trial group (Table IV) .
The power of dorsiflexion and plantar flexion was better in the trial group (Table V) . Fifteen patients in the control group had chronic paraesthesiae, but this was experienced by only two patients in the trial group after two years (Table IV) .
No patient had significant loss of movement at the knee (Table VI) . In the trial group, ankle movement was diminished in eight cases compared with 22 in the control group (Table VI) . Segmental fractures of the tibia had the highest incidence of vascular and nerve injuries (Table VII) .
Discussion
Although in the past the incidence of associated vascular injury in compound fractures of the leg has been relatively low, [8] [9] [10] the increase in motorcycle accidents has produced more severe injuries which commonly have a vascular component. Despite the improvement in techniques of vascular surgery the rate of amputation after compound fractures of the leg with vascular injury is still high, 4,5,7,11 principally because of delay in recognition of such injury and the consequent ischaemia. Lange et al 7 described six patients who had apparently viable extremities and in whom vascular surgery was not undertaken; three needed amputation later because of ischaemia. Half of the patients in whom revascularisation was attempted required amputation because of prolonged ischaemia. An aggressive approach to vascular injuries was advocated by Makin et al, 12 but in general, because there were no clear opinions on the recognition of the extent of injury and less developed techniques of vascular repair, the reported results have been poor. 8, 10 Early exploration and appropriate surgery may lessen the need for amputation. The exact nature of the vascular injuries must be detected promptly to minimise the length of ischaemia and revascularisation should be carried out whenever it is possible. Primary amputation should be performed if the limb is severely injured, and the use of a system of scoring such as the MESS can be valuable. 13 In our series, two patients in the control group who had an adequate circulation before fixation subsequently developed signs of ischaemia and were shown to have significant vascular injuries at a further operation. Overall, the incidence of vascular injuries in our study was 3.7% in Gustilo type-IIIa and 28.2% in Gustilo type-IIIb fractures. Damage to vascular structures was more common in segmental fractures. The results of vascular repair in the trial group were significantly better at both immediate and long-term follow-up. Less blood was transfused, skin cover was easier, the rate of infection was lower, and there was less chronic swelling and atrophic change of the foot and more rapid bony union than in the control group (Tables II and III) .
The incidence and pattern of vascular injury were similar in control and trial groups, but the lower level of detection of vascular injury resulted in a greater degree of ischaemia and increased intracompartmental pressure, which delayed the healing process and produced residual deformities.
Venous injury also played a significant role in healing. After the injured venae comitantes and great saphenous vein had been repaired, good blood flow was observed in every patient. This decreased congestion in the distal part of the leg resulting in less postoperative blood loss.
The choice of internal or external fixation had no significant affect on the immediate and late results in the trial group. In patients with adequate bone support and suitable soft tissue near the fracture, either could be used. In the more severe injuries external fixation is indicated. None of our patients had a vascular injury from external fixation as has been reported by Paul et al.
